INTRODUCTION
Inorganic compounds doped with rare earth ions are used for many luminescent devices such as optical amplifiers in telecommunication, phosphors for white LEDs and displays. Recently, they also have attracted a great interest for photovoltaic applications to improve solar cell efficiency by modifying solar spectrum. Crystalline silicon (c-Si) solar cells effectively convert only photons of energy close to the semiconductor band gap. The mismatch between the incident solar spectrum and the spectral response of solar cells is one of the main reason to limit the cell efficiency. The efficiency limit of the c-Si was estimated to be 29% by W. Shockley and H. J. Queisser [1] . However, this limit is estimated to be improved up to 38.4 % by modifying the solar spectrum by a quantum-cutting phosphor which converts one photon of high energy into two photons of lower energy [2] The powders were mixed well with TEOS (0.5 wt%) in an alumina mortar, pressed into a pellet of 20mm-diameter and sintered at 1600 °C for 6 h. The crystal phases of obtained samples were identified by a X-ray diffraction (XRD) measurement (Shimadzu, XRD6000). For the PL spectra, samples were excited by using 450nm light that was obtained by combining a band pass filter and a 300W Xe lamp (Asahi Spectra, MAX-302). The luminescence spectra were measured with a monochromator (Nikon, G250) and a Si photodiode. In the PLE spectra measurement monitoring nearinfrared luminescence, the luminescence was detected by combining an 850nm short cut filter and an InGaAs photodiode. Samples were excited by monochromatic light obtained by combining the 300W Xe lamp(350~800 nm) and the monochromator. For the PLE spectra monitoring visible luminescence, a fluorescence spectrophotometer (Shimadzu, RF-5000) was used. For the luminescent decay measurement, samples were excited by using a 466nm dye (Exciton, LD466) laser with nitrogen laser pulse excitation. The decay curves of fluorescence at 550 nm were detected by a high-speed Si-photodiode and averaged on a digital oscilloscope. The lifetime was obtained by fitting to the decay curve as exponential functions and the ET efficiency was estimated from lifetime. For the QY measurement, the PL spectra were measured under the 440nm LD excitation (NICHIA, NDHB510APA) by using an integrating sphere (Labsphere, CLS-600) which was connected to CCD detectors (Ocean Optics, USB2000) (Ocean Optics, NIR-512) with an optical fiber of 1mm-core. The obtained PL spectra were calibrated by using a standard halogen lamp (Labsphere, OGL-600) and an auxiliary lamp (Labsphere, AUX-30), and then the total radiant flux and photon distribution were obtained. The QY was evaluated as the ratio of the emission photon number to the absorption photon number.
RESULTS AND DISCUSSIONS
The solar spectrum, the spectral response of crystalline silicon solar cell (Sanyo), the PL spectrum by 450 nm excitation and the PLE spectra monitoring 550 nm and 1030 nm of the sample with x=5 composition are shown in Fig.1 . The emission bands peaked at 550nm (Ce 3+ :5d-4f) and 1030nm (Yb 3+ : 2 F 5/2 -2 F 7/2 ) were observed by exciting the 5d level of Ce 3+ with 450nm light. For the PLE spectrum monitoring 550 nm, the broad excitation bands were located at 330 nm and 450 nm. For the PLE spectrum monitoring 1030 nm, the only broad excitation band located at 450 nm was observed due to limit of light source. These two PLE spectra were consistent between 400 and 500nm. These results indicate the evidence of ET from the 5d levels of Ce corresponds to the peak energy of solar spectrum, which is in the low sensitivity range of spectral response of silicon solar cell. In addition, the emission band peaked at 1030 nm corresponded to the high sensitivity range of spectral response of silicon solar cell. Fig.2 emission by 440nm-LD excitation.
